The integrity and the lifetime management of different engineering structures and structural elements is one of the important technical-economic problems nowadays. The purpose of the paper is to present the role of the external and internal reinforcing on the structural integrity of industrial and transporting steel pipelines, based on experimental investigations. External and internal reinforcement technologies were developed using carbon fibre reinforced polymer matrix composite (CFR PMC) and glass fibre reinforced polymer matrix composite (GFR PMC), respectively. Fatigue and burst tests were performed on large pipeline sections containing natural and artificial metal loss defects, seam and girth welds including weld defects ("NOT PASSED" quality). Burst tests were executed after fatigue tests, using 100.000 cycles. Different corrosion defects were tested as natural defects, and longitudinal and circumferential gouges as well as holes and through holes were investigated as artificial defects. Both unreinforced and reinforced pipeline sections were examined. The applicability of the hybrid structure (steel + polymer matrix composite) was demonstrated by means of the experimental results.
Introduction
The lifetime management of different engineering structures and structural elements is one of the important technical-economic problems nowadays. On the one hand, the main aim of our research work is to develop an integrity management plan (IMP) for pipelines and pipeline systems, and afterwards a Pipeline Integrity Management System (PIMS). On the other hand, the main aim of our research work is to establish the PIMS with different data, frequently with experimental data. The direct purpose of the paper is to present the role of the external and internal reinforcing on the structural integrity of industrial and transporting steel pipelines, based on experimental investigations. 
Testing circumstances
Seamless (S) and seam welded steel pipe sections with and without girth welds were investigated in order to study the influence of the girth weld quality on the pipeline integrity. Manual metal arc welding (MMAW) and tungsten inert gas welding (TIG) technologies were used for the making of the girth welds. The main characteristics of the investigated pipe section groups are summarized in Table 1 . Carbon fibre reinforced polymer matrix composite (PMC) was used for external reinforcing. The applied reinforcing technology consists of five steps: cleaning and drying of the pipe; preparation of the reinforcing with resin; reinforcing with carbon fibre (tape); covering with polymer film; hardening with heat treatment. Glass fibre reinforced PMC was used for internal reinforcing. The applied reinforcing technology was as follows: cleaning and drying of the pipe; proofing of the shell material; reeling up of the proofed shell onto packet; setting of the packet into the pipe; reinforcing using internal pressure; hardening.
Results of investigations
The investigated pipe sections are divided into different testing groups, as follows: fatigue test (10 5 cycles) and burst test of base pipes; fatigue test (10 5 cycles) and burst test of pipes containing girth weld, seam weld or artificial discontinuity with "NOT PASSED" quality; fatigue test (10 5 cycles) and burst test of reinforced pipes containing girth weld or artificial discontinuity with "NOT PASSED" quality.
The important characteristics and the results of the tests executed on the externally and internally reinforced pipe section groups are summarized in Table 2 and Table 3 , respectively. Safety factor means burst pressure divided by Maximum Allowable Operating Pressure (MAOP). (a) shows the details of the artificial failure configuration (longitudinal gouge, circumferential gouge and interacting circumferential gouges) of the B_b7 pipeline section and Fig. 1. (b) shows the externally reinforced B_b7 pipe section after the fatigue and burst tests, respectively. Fig. 1 (b) shows the failed artificial failure and the failed area clearly. Fig. 2 . demonstrates internal pressure vs. time diagrams of the investigated DN 200 pipe sections during their burst tests (examination programme B_b). Fig. 2 . displays the average pressure growth rate range (0,36 -0,52 MPa/s) at the initial stage of the burst tests, which can be evaluated as quasi-static value range. The figure shows the volume growth of the pipeline sections through the periodic pressure fluctuation. Fig. 3 . illustrates the artificial failure configuration (through holes with different diameters) of the E_o2 pipe section. Six through holes were used for the modelling of leaked pipe from the outside, where the reinforcing was installed before the closing of the pipeline section (e.g. transporting pipeline section, which crosses railway or public road). Two phases of damage was detected during the examination of the E_o2 pipe section. In the first phase, leakage was observed during the fatigue test by 0,447*10 5 cycles and the fatigue process was broken. The burst test was continued without the reparation of the internal reinforcing. In the second phase, during the burst test, the largest through hole (d = 20 mm) was failed, the continuity of the reinforcing material was broken and the reinforcing material, which filled the through hole, was torn.
Conclusions
Based on the results of our experimental tests the following conclusions can be drawn. The reinforcing materials (carbon fibre reinforced PMC and glass fibre reinforced PMC) and the developed external and internal reinforcing technology can be used • for wide variety of pipe diameters and length (e.g. for casings);
• for both quasi-static and cyclic loaded pipeline sections or pipelines;
• for both workshop-work and field-work.
The developed external technology is suitable for the reinforcing of girth welds, frequently "NOT PASSED" quality girth welds, too. The usability and the effectiveness of the external reinforcing of "NOT PASSED" quality seam welds (D_ci pipe section group) require further investigations.
The defined safety factor and their calculated values demonstrate both the reserves of the steel pipes and the usefulness of the reinforcing materials and technologies.
Results of full scale tests correspond with results of numerical investigations [1] [2] [3] [4] in case of external and internal reinforced damaged pipelines.
Databases and experimental data have a determinant role in the integrity assurance of different structures like pipeline systems [5] . With the help of these databases and frequently with the using of the experimental data, integrity management tasks can be solved [6] .
